With an improved algebraic mesh-deforming algorithm, STAR-CD, a commercial computational fluid dynamics (CFD) solver is employed for the numerical analysis of a transonic oscillating linear cascade of advanced design blades. The center blade oscillates 0.6-degrees about the middle cord. The numerical simulation is conducted for a frequency range from 200 Hz to 500 Hz. A hybrid grid, which utilizes a structured O-grid around the airfoil and an unstructured grid everywhere else is employed. The Spalart-Allmaras (S-A). one equation turbulence model, along with other two equation k-ε models, are also utilized for the steady state simulation. The S-A turbulence model provided significantly better steady state results in the separated flow region than the k-ε model. The agreement between the experimental data and CFD prediction was better for the M=0.8 unsteady results than the M=0.5 on the suction surface. This could be attributed to a larger unsteady variation in the reattachment location for the M=0.5 results than the M=0.8. Finally, the time average of the unsteady skin friction coefficient is significantly different than the steady state value indicating nonlinear unsteady aerodynamics are significant for this analysis.
Introduction
Turbomachinary flutter/forced response is a physical phenomena strongly related to the unsteady aerodynamics of the engine which can result in a high cycle fatigue structure failure. To accurately simulate these physical phenomena, a fully coupled structural and fluid analysis is required to predict the blade behavior. As an initial step toward this goal, research has been accomplished utilizing a prescribed motion of the blades. Experimentally, this has been accomplished primarily in linear cascade facilities and is extremely challenging and costly.
Computationally, the cost is significantly lower but the question of the fidelity of the analysis is of serious concern. Traditional CFD analysis assumes the surface to be stationary. To analyze a blade row with a prescribed motion requires the movement of the computational boundaries. Hence, for turbomachinery simulations with a moving boundary, CFD tools, besides being fast and robust, need to be able to handle the following issues.
Mesh deforming algorithm:
Since the boundary of blade surface is moving, then the computational mesh needs to move in a time-143 marching manner. Algorithms, such as an algebra method, a spring-mass system method and an elastic system have been typically employed.
Geometric Conservation Law (GCL):
Typically CFD models solve the governing equations in the computational domain and apply boundary conditions in physical domain. Since most codes are dedicated to a fixed surface analysis, a simplification is employed to only address a fixed boundary surface analysis.
Therefore, an artificial source term will be generated for models with a moving computational mesh. 
Moving Boundary and Mesh
There However, the method has problems finding N, N 2 and /V, N3 if the mesh is skewed or has large aspect ratios. An alternative method is proposed.
Instead of using the 2 nd and 3 rd steps above to find the two edges, one can simply find those two edges by picking two nodes adjacent to Ν, in the same cell surface. Therefore, the reference point can With this modified method, the grid motion is more robust and computationally efficient.
Linear Theory Validation
Validation of STAR-CD for a moving boundary 
2-D Linear Flat Plate
A structured H-mesh is constructed for up to two 
3-D Helical Fan of Flat Plate Blades
The helical fan. 
Steady State Results

Initially
Inlet/Exit Boundary Plane Study
Since STAR-CD currently does not have nonreflective boundary conditions, the effect of the location of the inlet and exit plane boundaries was completed for both the steady and unsteady calculations studied. As expected, for the steady state results no effect was seen with changes in the boundary locations. However, the length of extension does play an important role in the unsteady simulation. Figure  13 
Unsteady Results
The Since the experimental data (see Figure 14) is nearly sinusoidal, the data is processed with an FFT 
